ABSTRACT Background/objective: Increased carotid intima-media thickness (IMT) is an early manifestation of atherosclerosis. Our group has previously demonstrated that a parental history of premature myocardial infarction (PHPMI) is associated with an increase in carotid IMT in children-adolescents (mean age 13 years) and young adults (mean age 24 years). The aim of the present study was to evaluate if carotid structural changes are detectable in young children with PHPMI. Methods: 26 healthy children (9 males and 17 females; 5-12 years, mean age 9.1 (2.5) years) with PHPMI and 26 age-matched (plus or minus 1 year), sex-matched and body mass index-matched (BMI; plus or minus 20%) control subjects were enrolled in the study. They underwent high resolution B-mode ultrasonographic evaluation of common carotid artery IMT. Lipid profile, resting blood pressure and BMI were also evaluated. Results: Compared to controls, subjects with PHPMI had increased IMT of common carotid arteries (mean of combined sites: 0.444 (0.076) mm versus 0.382 (0.062) mm in controls, p = 0.001). Offspring of coronary patients showed an unfavourable lipid profile compared to controls; however, the association between a PHPMI and carotid IMT was independent of lipids, apolipoproteins and other traditional risk factors. Conclusions: Vascular structural changes are detectable in subjects with PHPMI at a young age and occur independently of several traditional cardiovascular risk factors.
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Atherosclerosis starts during childhood. [1] [2] [3] Epidemiological studies have shown that several factors, which influence disease progression could already be identified in the first decade of life, long before the build-up of plaque results in signs or symptoms of cardiovascular disease. 4 5 Although a parental history of premature coronary artery disease has been recognised as a risk factor for heart disease, it is not clear when cardiovascular abnormalities can be identified by non-invasive methods in individuals with such history. Detection of vascular atherosclerotic changes in early childhood could help identify high-risk subjects and provide additional motivation for early-intervention strategies, focused at reducing modifiable risk factors such as obesity, hyperlipidaemia, high blood pressure and cigarette smoking. High-resolution B-mode ultrasound has proved to be a reliable non-invasive method to measure carotid artery intima-media thickness (IMT). 6 We have already described, and other authors have confirmed, an increase of IMT in children-adolescents and young adults with parental history of premature myocardial infarction (PHPMI). [7] [8] [9] In this study we investigate whether early vascular anatomical changes can be detected in these children at even younger ages (age 5-12 years).
METHODS Subjects
Twenty-six healthy children (age 5-12 years, mean 9.1 years) with PHPMI were enrolled in the study (PHPMI-positive; 9 males, 17 females). All parents showed clinical evidence of acute myocardial infarction at or before the age of 50 years (mean age when infarction occurred: 38.9 (5.6) years). Twenty-four children had a paternal history of premature myocardial infarction while two had a maternal history. These children were recruited among offspring of patients hospitalised at Cardarelli Hospital, Naples, Italy, between July 1997 and July 2003. Twenty-six children agematched (plus or minus 1 year), sex-matched and body mass index-matched (BMI; plus or minus 20%), without family history of coronary artery disease (including established or suspected myocardial infarction and angina pectoris) served as controls (PHPMI-negative). They were offspring of patients who had been admitted to the same hospital for a wide spectrum of acute illnesses unrelated to coronary artery disease or diabetes. This study complies with the Declaration of Helsinki. Parents gave written informed consent to the study, which was approved by the local committee on ethical practice. Six of the 26 children (23%) had been included in our previous reports. 7 8 Cardiovascular risk factor assessment Measurements were made in the hospital, according to standardised protocols. All participants' parents completed a standardised questionnaire designed to obtain information about family history of vascular disease and/or diabetes. BMI was calculated as the ratio of weight in kilograms to height in square metres. Body surface area (BSA) was calculated using a modified DuBois and DuBois formula: BSA (m 2 ) = 0.007184 6 height (cm) 0.725 6 weight (kg) 0.425 . Blood pressure was measured twice on one occasion, 1 minute apart, with the participant seated, and after 5 minutes of rest (with the use of a standard mercury sphygmomanometer). Pulse pressure was calculated as systolic minus diastolic blood pressure.
Laboratory methods
Blood samples were collected by venepuncture after 14 hours of fasting. Plasma concentrations of total cholesterol and triglycerides were measured using enzymatic colorimetric procedures (BM/Hitachi 747, Boehringer Mannheim Italia, Monza, Italy). High-density lipoprotein (HDL) and low-density lipoprotein (LDL) cholesterol concentrations were determined by agarose gel electrophoresis (Helena Laboratories, Assago, Italy). Serum apolipoprotein (Apo) A-I, Apo-B and lipoprotein (a) (Lp(a)) levels were determined by immunonephelometric methods (BNA II, Istituto Behring, Scoppito, Italy). Intra-assay technical errors were 2.9% for total cholesterol, 3.6% for triglycerides, 6.7% for HDL-cholesterol and 6.9% for LDL-cholesterol, 1% for Apo A-I, 1.5% for Apo-B and 1.8% for Lp(a). Interassay coefficients of variation during the study were 3.1% for total cholesterol, 3.9% for triglycerides, 7.9% for HDL-cholesterol, 8.0% for LDL-cholesterol, 3.3% for Apo A-I, 4.6% for Apo-B and 5% for Lp(a).
High resolution carotid ultrasound
High resolution carotid ultrasonographic studies were performed with a Hewlett Packard Sonos 2000, with a 7.5-MHz transducer (Hewlett-Packard, Seattle, WA, USA). The study protocol involved scanning of the far wall of common carotid arteries in the distal 1.0 cm. The crest at the origin of the bifurcation was used as anatomical landmark to identify the segment to be visualised. In each examination the sonographer used three different scanning angles (anterior, lateral and posterior) to record the greatest IMT. Scans were recorded for offline analysis. One expert reader, who was unaware of subject's family history (PG), reviewed the scans and performed IMT quantitative measurements using the digital caliper of the ultrasound machine. For each side, the reader selected three different end-diastolic frames that contained the maximum IMT. The three calculated IMT values were averaged to give the mean common carotid IMT for each side, which is presented in the analysis. In a previous study, we assessed the intra-observer reproducibility of the same author who made carotid IMT measurements in the present study. 7 The mean absolute difference in IMT in 25 healthy young subjects in whom the same observer performed two carotid artery examinations 7 days apart was 0.02 (0.03) mm (coefficient of variation, 2.6%).
Statistical analysis
Values are expressed as mean (SD). Comparisons between PHPMI-positive and PHPMI-negative subjects were made using paired Student t tests for continuous variables. Because their distributions were skewed, Lp(a) and triglycerides were logarithmically transformed before analysis. Multivariable regression analysis was used to assess the independent relation between carotid IMT and the selected variables. In addition to PHPMI the following variablessystolic blood pressure, Apo-B and Lp(a)-were included because of their established association with atherosclerosis. To take into consideration the matched design of the study, we included in the model the matched pair differences instead of the absolute values of the variables.
The size of the study sample was a priori calculated according to the results reported in our previous study (childrenadolescents age group). 8 A sample size of 25 subjects in each group should have an 80% statistical power to detect a significant difference in mean common carotid IMT with a two-sided p value of 0.05. All analyses were carried out using SPSS v13.0. Table 1 shows the clinical characteristics of the study subjects according to their PHPMI. Age, gender and BMI (by design) were comparable. There were no significant differences in BSA, blood pressure, total cholesterol, HDL-cholesterol and LDLcholesterol, triglycerides, Lp(a) and Apo A-I between the two groups. On the contrary, PHPMI-positive children showed significant increased Apo-B concentration compared to PHPMI-negative children.
RESULTS
The data on carotid IMT are summarised in table 2. PHPMIpositive children had a greater IMT of the common carotid artery (mean of combined sites: p = 0.001) than subjects without such history. Between the two groups, however, no difference was observed for the lumen diameter of carotid arteries. Table 3 summarises the results of multivariable regression analysis. For all variables we used the difference in matched pairs instead of the individual value. Together with Apo-B, additional independent variables were included because of their established association with carotid IMT and atherosclerosis. The analysis revealed that mean carotid IMT was significantly associated with adverse parental history, independent of subjects' Apo-B, Lp(a) and systolic blood pressure levels.
DISCUSSION
The present findings of a significant association between parental history of myocardial infarction and increased carotid IMT in children confirm and expand previous reports showing a similar association in older children/adolescents (age range 5-18 years) and young adults, [7] [8] [9] and indicate that this association can be detected at a much earlier age. This subtle structural change in carotid arteries is independent of well established risk factors for cardiovascular disease.
Atherosclerosis is a slow, progressive disease resulting from complex interactions between inherited and environmental factors. It starts in childhood and manifests itself clinically much later. [1] [2] [3] High-resolution B-mode ultrasonography is an accurate, non-invasive method to measure carotid artery IMT. 6 Carotid intima-media measurement is considered a surrogate marker of subclinical atherosclerosis and has been demonstrated to be a powerful predictor of clinical events related to atherosclerosis. 10 Increased thickness of carotid artery intima-media has been found in subjects with risk factors for cardiovascular disease. 11 12 Some of these, such as smoking and dietary habits, are mainly lifestyle factors, whereas others, such as hypertension and hyperlipidaemia, are at least in part under genetic control. As expected, our data confirm that young people with family history of premature myocardial infarction have higher concentrations of Apo-B in comparison to people without such history, 4 but also suggest that the effect of parental history of coronary artery disease on the carotid wall is not completely explained by traditional risk factors.
The carotid wall thickening process has a complex pathogenesis that is probably influenced by the interaction of numerous environmental and genetic factors: recognition of the genetic determinants of carotid IMT and the early mechanisms leading to vascular dysfunction may provide important insight into the pathophysiology of the atherosclerosis and offer clues towards its modulation. In recent years, the weight of inherited factors on carotid IMT (''heritability'') has been investigated in general population samples of different ethnicities [13] [14] [15] or in selected samples of individuals with a family history of different cardiovascular diseases. [16] [17] [18] [19] [20] Wang et al 18 demonstrated, in a multivariate-adjusted model, a heritability of 40% for carotid IMT in adult offspring of patients with a history of coronary heart disease. Moskau et al 19 found a heritability of 61% in adult offspring of patients admitted for stroke, transient ischaemic attack, coronary artery disease or other manifestations of atherosclerosis. However, to date little is known about genes affecting carotid IMT. In fact, recent studies yielded conflicting results. 18 21 Current studies suggest that the weight of heritability decreases with ageing, whereas the influence of environmental and lifestyle factors increases. [13] [14] [15] Thus, very young children of subjects with early-onset atherosclerotic disease may represent an ideal study population for searching potential genes implicated in the pathogenesis of atherosclerosis.
The small number of subjects included in our study and the hospital-based nature of our sample are potential important limitations. Total and LDL-cholesterol were higher in the PHPMI-positive children, although the study was not powered to detect these differences. Moreover, we acknowledge that we did not evaluate several risk factors for cardiovascular disease such as glucose metabolism, pro-thrombotic and inflammatory markers.
In summary, we have confirmed that a parental history of myocardial infarction is also independently associated with a significant increase in carotid IMT in young children. Our results show that subclinical carotid atherosclerosis may be detected early in high risk children. Further studies are needed to assess the biological mechanisms underlying the association between increased carotid IMT and parental history of myocardial infarction. 
